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Aut paleontologists are familiar with the figure of 
Brontosaurus excelsus Marsh, which was originally pub- 
lished in the American Journal of Science in August, 
1883, and republished with modifications in the same 
periodical in 1895. This figure has since been frequently 
reproduced in text-books. Paleontologists are also 
familiar with the restoration of the skeleton of Diplo- 
docus carnegiet Hatcher, which originally appeared in 
the Memoirs of the Carnegie Museum, and is reproduced 
in the second volume of the English translation of Zittel’s 
‘““Text-book of Paleontology,’’ by C. R. Eastman. Since 
the time when Mr. Hatcher made this restoration the 
acquisition of new material has thrown much light upon 
the subject, and certain changes in the pose have been 
suggested, which are reflected in the accompanying illus- 
tration (Plate I), which is taken from a photograph of 


*The substance of this paper was communicated to the Annual Meeting 
of the Paleontological Section of the Geological Society of America on 
December 80, 1909. The paper at that time was freely illustrated by means 
of the stereopticon, and a number of the pictures and diagrams then used 
are herewith reproduced. 
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the splendid specimen in the Carnegie Museum, replicas 
of which have been generously presented by Mr. Andrew 
Carnegie to a number of the leading museums of Europe. 

In The Field (London) of August 26, 1905, Mr. F. W. 
Frohawk, a well-known English illustrator, published a 
note, in which he said, among other things: 


The visitor to the Reptile Gallery of the Natural History Museum can 
not fail to be struck by the extraordinary pose of the gigantic skeleton. 
. . . It would be interesting to know the reason for mounting the 
specimen so high on its legs, like some huge pachyderm. As it is a 
gigantic lizard, why should it not be represented in the attitude usually 
assumed by such animals? . . . Doubtless there is some good reason 
for mounting it in such an attitude; if so, information on the subject 
would be welcome. 


No reply was given to this query, except incidentally 
by Professor (now Sir) E. Ray Lankester, who said in a 
newspaper interview that ‘‘the laterally compressed 
form of the body, according to the opinion of American 
students, precludes the idea that the animal could have 


crawled upon its belly.’’ 

Shortly after the restored skeleton of Brontosaurus 
eacelsus, which is one of the ornaments of the American 
Museum of Natural History, had been erected, Messrs. 
Otto and Charles Falkenbach, assistants in the paleonto- 
logical laboratory of that museum, made a model, in 


Fic. 1. Small Model of Skeleton of Brontosaurus excelsus Marsh, made by 
Messrs. O. and C. Falkenbach. 


which they attempted to show the Brontosaurus in a 
crawling attitude. JI am indebted to Dr. W. D. Matthew 
for an illustration of this model, which is herewith 
reproduced (Fig. 1). This model was discussed at the 
meeting of the American Society of Vertebrate Paleon- 
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tologists held at the American Museum of Natural His- 
tory in 1906, and by common consent was judged for 
many reasons to represent the impossible. 

In October, 1908, there appeared in Vol. XLII of Tue 
American Naturauist an article from the pen of Dr. 
Oliver P. Hay, ‘‘On the Habits and Pose of the Sauropod 
Dinosaurs, especially of Diplodocus.’’ Dr. Hay main- 
tains that in assembling the fossil remains of these ani- 
mals they should have been given a crocodilian attitude. 
At the conclusion of his article he sums up his views 
in the following words: 


It seems to the writer that our museums which are engaged in mak- 
ing mounts and restorations of the great sauropoda have missed an 
opportunity to construct some striking presentations of these reptiles 
that would be truer to nature. The body placed in a crocodile-like 
attitude would be little, if any, less imposing than when erect; while 
the long neck, as flexible as that of an ostrich, might be placed in a 
variety of graceful positions. ° 


This article of Dr. Hay was followed by a paper from 
the pen of Dr. Gustav Tornier, who, taking his cue from 
Dr. Hay, has tried to show that American paleontologists 
have totally erred in their conception of the structure 
of the sauropod dinosaurs, and has given his views as to 
the manner in which the bones of the Diplodocus should 
have been assembled. His paper is embellished by a 
number of cuts. Professor Tornier’s paper was fol- 
lowed in the popular scientific journal Aus der Natur 
by an article from the pen of Dr. Richard Sternfeld, in 
which he endorses the views of Tornier and endeavors 
to hold American paleontologists up to ridicule, asserting 
that they have ‘‘literally, from head to foot, miscon- 
structed the Diplodocus, and probably also its near 
allies.”’ Sternfeld enlarges upon Tornier’s views and 
gives some illustrations of his own. 

In the manner of a man who has made a wonderful 
discovery, Tornier announces at the outset of his paper 
that Diplodocus is a genuine reptile—‘‘ein echtes Rep- 
til.”” No student of the sauropoda has ever doubted 
this. But having predicated the genuinely reptilian 
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character of the animal, Tornier proceeds thereafter to 
speak of the Diplodocus as a lacertilian—‘‘ ein Hidechse.’’ 
There are reptiles and reptiles. Having assured him- 
self of the truly reptilian character of the animal, it was 
a bold step for him immediately to transfer the creature 
from the order Dinosauria, and evidently with the skele- 
ton of a Varanus and a Chameleon before him, to proceed 
with the help of a pencil, the powerful tool of the closet- 
naturalist, to reconstruct the skeleton upon the study of 
which two generations of American paleontologists have 
expended considerable time and labor, and squeeze the 
animal into the form which his brilliantly illuminated 
imagination suggested. The fact that the dinosauria 
differ radically from existing reptiles in a multitude of 
important structural points seems not to have greatly 
impressed itself upon the mind of this astute critic. He 
intimates that the pelvis of Diplodocus is distinctly 
lacertilian. He states that the great trochanter of the 
femur, which he does not designate as such, articulated 


Fic. 2. Reproduction of figure given by Dr. Tornier in which he endeavors 
at the left to show the hind limb of Diplodocus as mounted, and at the right 
the position which he claims the limb should have. 


with the ischial peduncle, and takes care to show the 
point of union by means of a lettered diagram, which I 
herewith reproduce (Fig. 2). He takes pains to show 
that (e) the great trochanter, articulates with (c) the 
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ischial peduncle. It may be said in passing that Dr. 
Tornier takes very great liberties with the outlines of the 
bones. His drawing is very far from accurate. Un- 
fortunately actual experiment shows, first, that it is im- 
possible except by smashing the ilium or breaking the 
femur to jam the head of the latter into the position 
demanded for it by the learned professor; but, second, 
this is the only time, it is believed, in the history of 
anatomical science that any one has discovered that the 
great trochanter of the femur ought to be and is by 
nature intended to be articulated with the ischial pe- 
duncle of the ilium, thus locking the femur into a posi- 
tion utterly precluding all motion whatsoever. 

The next step taken by this wonder-working com- 
parative anatomist was to dislocate the knee-joint. This 
he proceeds to do in a most nonchalant manner, and 
leaves the articulating end of the femur peering forth 
into space (see Fig. 2, g), while the tibia and the fibula 
are made to articulate with the posterior edges of the 
interior and exterior condyles of the femur. Having 
adopted this change, he succeeds in so lowering the hind 
quarters of the Diplodocus that they must rest upon the 
anterior extremity of the pubic bones, which, with the 
fragile ends of the ribs, not much greater in size than 
those of an ox, have thrown upon them the entire weight 
of the carcass. To obviate the inconveniences of this 
pose the lead pencil is again brought into requisition 
and the anterior vertebre are hoisted into the air and 
propped up upon the scapule, the dorsal ends of which 
have been glued by a hypothetical suprascapula to the 
lateral processes of the last cervical vertebre (see Fig. 
3). This transference of the scapula to the Tornerian 
position is done in order to give, as the author says, an 
opportunity to so place the scapula that horizontal mo- 
tion backward and forward may be allowed to the hu- 
merus, which he takes pains to inform us is strikingly 
like that of a Varanus. Upon the latter point it is quite 
possible to differ from the learned critic. 

The anterior portion of the trunk having been thus 
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elevated, the fore legs are again dislocated at the junc- 
ture of the humerus with the radius and ulna and stuffed 
underneath the skeleton, while the great neck is thrown 
upward in the form of a reversed letter ‘‘S,’’ the Hogar- 
thian lines of which no doubt suggested themselves to 
the learned reconstructionist as possessing soulful grace. 
A reproduction of the skeletal monstrosity perpetrated 

by Tornier is here given (Fig. 3). As a contribution - 


ey, 


Fig. 3. The skeleton of Diplodocus mounted according to Tornier in the correct 
position “ Richtige Stellung.”’ 


to the literature of caricature the success achieved is 
remarkable. It reminds us somewhat of those creations 
carved in wood emanating from Nuremberg, which were 
the delight of our childhood, and which came to us stuffed 
in boxes labeled ‘‘Noah’s Ark,’’ and stamped ‘‘Made 
in Germany.’’ 

I should prefer to end my communication at this point, 
commending the perusal of the articles by Hay, Tornier, 
and Sternfeld to the attention of those of you who are 
familiar with the osteology of the sauropoda as amusing 
illustrations of the manner in which it is possible for 
gentlemen possessing entirely inadequate acquaintance 
with a subject to ‘‘darken counsel by words without 
knowledge. ’’ 

Inasmuch, however, as Professor Tornier’s opinions 
and his misleading diagrams and figures have been given 
some currency in journals intended to popularize science, 
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it seems to the speaker that the present is a suitable 
occasion in which not merely to demonstrate the utterly 
absurd character of the opinions of Hay, Tornier, and 
Sternfeld, but also to bring out into clearer light the 
reasons why American paleontologists, and for that 
matter the leading paleontologists of Europe also, have 
concurred in regarding the sauropod dinosaurs as having 
possessed the power to assume the position which has 
hitherto been given them. At the risk, therefore, of 
occupying ‘some of your precious time I wish to take up 
the subject a little more thoroughly and by the help of a 
series of illustrations to make my meaning clear. 

I shall begin with the structure of the pelvis in the 
sauropod dinosaurs. I herewith give illustrations (Fig. 
4) taken from the specimens in the Carnegie Museum of 
the pelves of Brontosaurus, Diplodocus, and Haplocan- 
thosaurus, the last closely allied to Cetiosaurus of Owen. 


Fic. 4. 1, pelvis of Brontosaurus; 2, pelvis of Diplodocus; 3, pelvis of Haplo- 
canthosaurus. From specimens in the Carnegie Museum. 


Any one who has a merely rudimentary knowledge of 
the pelves of the dinosauria in general knows that they 
are distinctly ornithic in type, and not lacertilian, nor 
crocodilian, Professor Tornier to the contrary notwith- 
standing. Seeing is believing, and I also give illustra- 
tions of the pelvis of a crocodile, of Varanus, of Iguana, 
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and of Uromastrix (Figs. 5-8). Compare these for a 
moment with the pelves of the huge sauropod reptiles 
and you see immediately that there is an enormous dif- 


Fic. 5. Pelvis and hind limb Fic. 6. Pelvis of Varanus. 
of crocodile. 


ference in general, and in countless details, which it is 
not worth while to consume your time in describing. 
Taking up now the articulation of the femur with the 


Fie. 7. Pelvis of Iguana. I, Fic. 8. Pelvis of Uro- 
Tlium; h, Head of femur; 2t, Sec- mastriz. 
ond trochanter. 


acetabulum of the pelvis, we discover in the first place 
that the head of the femur in the lacertilia differs re- 
markably from the head of the femur in the sauropoda. 
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In the lacertilia the greater trochanter is reduced in 
size and in some genera is practically obsolete; when 
present and articulated it looks backward, downward, 
inward. On the other hand, the second trochanter in the 
recent lacertilia is enormously developed, looking down- 
ward, forward, and outward (see Fig. 7). In the sauro- 
poda, as in the ratite birds, the second trochanter is 
obsolescent or wholly obsolete. The illustrations already 
given may help to make my meaning clear. In this con- 
nection it is well to study the head of the femur and the 
structure of the pelvis in the struthious birds. The 
analogy between these and the dinosauria has often 
been pointed out. The facts to which I have called your 
attention have great anatomical significance. A com- 
parison of the head of the femur of the crawling reptiles 
of to-day with the femur of the sauropoda shows at a 
glance that in the latter the proximal end of the femur 
is more like that of birds than of recent lizards. It was, 
as we all know, in consequence of the recognized simi- 
larity of the pelvic girdle and the head of the femur to 
the corresponding structures in the ratite birds that 
Owen, Marsh and all other competent students have as- 
signed the femur the position which has almost uniformly 
been given to it in restorations of the sauropoda, as well 
as of other dinosaurs. 

But let us for the sake of experiment give the femur 
the same relative position which it has in the lacertilia, 
in which the second trochanter plays so great a part. 
To do this it is necessary to rotate the head of the femur 
in such a way that the great trochanter will point down- 
ward and backward. The accompanying diagrammatic 
illustration shows the femur of the Diplodocus adapted 
to the acetabulum after the analogy of Varanus and 
Iguana (Fig. 9). Of what earthly use the hind limb of 
the Diplodocus could have been to him in such a position 
I leave you to determine for yourselves. It has been 
suggested that kindly nature, to meet the requirements 
of the case, must have channeled the surface of the earth 
and provided the Diplodocus and its allies with troughs 
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in which they kept their bodies while the feet were em- 
ployed for purposes of locomotion along the banks. The 
Diplodocus must have moved in a groove orarut. This 


Fic. 9. The hind limbs of Diplodocus arranged after the analogy of the recent 


lacertilia, 


might perhaps account for his early extinction. It is 
physically and mentally bad to ‘‘get into a rut.’’ 
Assuming that the articulation of the femur after all 
was not as it is in the lacertilia, and accepting, merely 
for the sake of argument, the pose of Professor Tornier, 
who, though contending that the creature was a lacer- 
tilian—‘‘ein Eidechse’’—nevertheless, constrained by 
obvious difficulties, in his drawings does not give the 
femur the characteristically lacertilian pose, I have taken 
pains to place the bones of the replica of the Diplodocus 
now in course of preparation for the Imperial Academy 
at St. Petersburg as nearly as is possible in the position 
which Professor Tornier demands that they should have. 
I have accepted Tornier’s ‘‘richtige Stellung’’ for the 
time being, and have collocated the bones in the position 
which he demands for them, and I have the pleasure 
herewith of submitting to you photographs of the bones 
thus located (Figs. 10 and 11). In the first place you 
will observe that it is beyond possibility, when locating 
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the bones in this manner, to bring about anything like a 
plausible position of the head of the femur in the ace- 
tabulum. The ridiculous articulation of the great tro- 
chanter with the ischial peduncle demanded by Professor 
Tornier, who seems to have mistaken the ischial peduncle 


Fic. 10. View from behind of pelvis and femur of Diplodocus mounted 
according to the ‘Tornierian prescription. ip, Ischial peduncle; g.t, great 
trochanter; a.p, acetabular surface of pubis; a.i, acetabular face of ischium. 


for an anti-trochanter, has already been alluded to. Of 
course we could not accomplish such an articulation, but 
we have come as near to it as the bones will allow. 
Placed as nearly as is possible in the situation in which 
Professor Tornier demands that the bones shall be put, 
the head of the femur stands in no relation whatever to 
the articulating surfaces of those portions of the pubis 
and the ischium (a.p and a.i) which enter into the com- 
position of the acetabulum. The lower surface of the 
head of the femur is left out of all relation to these 
obviously articulating surfaces at a remove from them 
of at least six inches. Furthermore, in swinging the 
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bones into the acetabulum in such a way as to throw the 
distal end outward, the head of the femur necessarily 
enters and penetrates the opening of the acetabulum, 
invading the pelvic cavity and occluding the same. But 
this is not the worst. The distal end of the femur is left, 
as Tornier’s figures themselves show, protruding into 
space without any surface whatever with which to artic- 


Fic. 11. View from side and front of femur and pelvis of Diplodocus mounted 
after the Tornierian prescription. 


uiate. Iam fully aware that in the lacertilia the joint made 
by the femur with the tibia and fibula, especially in young 
individuals, is provided to a high degree with cartilagi- 
nous connections, and the ends of the bones are covered 


2 Ads & | 

ag: 


No. 521] SAUROPOD DINOSAURS | 271 


with great cartilaginous epiphyses, which in the bones 
of the fossil animals we are considering have not been 
petrified and preserved, but making all allowance for the 
existence of these cartilaginous masses at the points in- 
dicated, it is impossible to conceive that the broad ex- 
panded heads of the tibia and fibula should merely come 
in contact with the internal and external condyles of the 
femur at two small points, in each case not larger than a 
sixpence. The pose given to these bones by Dr. Tornier 
represents nothing else than the complete dislocation 
of the femur from the tibia and fibula. 

Dr. Tornier labors long with the scapula and the 
humerus. As I have already stated, he claims that the 
humerus of Diplodocus is startlingly —‘‘verbliiffend’’— 
like that of Varanus. It is wonderful what a man can 
see who has determined to see things! If you will sim- 
ply take the trouble to compare the humerus of the 
sauropod dinosaurs with 
that of a Varanus I think 
you will be able without 
opening your eyes very 
widely to discover a num- 
ber of startling differ- 
ences. In addition to fall- 
ing into error as to the 
startling likeness existing 
between the humerus in 
the sauropoda and the 
lacertilia, he makes a 
multitude of grossly in- 
accurate and misleading scapula and fore limb of Diplodocus os 
uttering he elaine it sould be (right Bete). 
makes for his theory. It would be wearisome to recall 
them. One of the more noticeable misstatements is. made 
when he declares that the coracoid bone belongs on the 
lower side of the belly—‘‘Bauchunterseite.’? The cor- 
acoid, as we all know, is a sternal element and has noth- 
ing whatever to do with the ‘‘Bauch,’’ or belly. He 
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ignores the fact that the superior surfaces of the an- 
terior ribs and the lateral processes of the anterior dorsal 
vertebre unite to form a surface evidently adapted to 
the end of providing a field over which the long dorsal 
blade of the scapula can play. He demands for the 
scapula a vertical position so as to give to the humerus 
an opportunity, as he says, to move in a horizontal plane 
backward and forward. He states that a vertical posi- 
tion of the scapula is universal among recent reptilia, 
which is not the case. It is true of the lacertilia, but 
it is not true of the crocodilia. I herewith give a re- 
production of a drawing copied from Blainville of a 
erocodilian skeleton, and another copied from Brihl 
(Fig. 13), both of which show that the scapula in the 


Fic. 13. 1, the skeleton of an alligator after Blainville; 2, skeleton of croco- 
dile after Briihl, showing position of scapula. 


crocodile has a position in the articulated skeleton similar 
to that which it has in the mammalia. But lest some 
one may say that the artists were mistaken, I am able 
through the kindness of Dr. Geo. C. Johnston, of Pitts- 
burgh, the well-known radiographer, to exhibit a num- 
ber of X-ray photographs showing the scapula in posi- 
tion in the common American alligator? (Fig. 14). 
These photographs show the entire accuracy of the 
drawings of Blainville and Brihl. And I am prepared 
to further verify the drawings by an example of an 

? At this point the lecturer threw upon the screen a number of projec- 


tions from X-ray photographs showing the limbs of the alligator in 
different attitudes. Only one of these is reproduced in the text. 
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alligator in the flesh, in which the parts surrounding 
the scapula have been dissected away, showing the 
scapula in the same position which is given by Blain- 
ville and Briihl. Any one who cares to verify the ac- 
curacy of my statements can easily do so. The scapula 
in the crocodile does not lie in the position which is given 


Fic. 14. X-ray photograph of scapula and humerous of alligator in position 
with foot thrown backward as far as possible. (Photographed by Dr. Geo. C. 
Johnston, Pittsburgh, Pa.) The scapula is not vertical. 


to the scapula by Mr. Tornier in his restoration and it 
certainly did not so lie in the Diplodocus, but the lateral 
processes of the anterior dorsal vertebre as well as the 
upper external faces of the anterior ribs united to form a 
surface to which the scapula manifestly conformed itself 
when in position. Any one who carefully studies the 
vertebre and the proximal ends of the anterior ribs will 
see that there is here provided by nature a plane adapted 
to the inner surface of the seapula. 

For the sake of experiment I have placed the scapula 
in the position deraanded for it by Mr. Tornier, and have 
swung the fore limbs into place as he demands that they 
shall be put (Fig. 15). The result is in every way 
amusing. It leads in the first place to the entire disartic- 
ulation of the humerus from the radius and ulna. But 
as a secondary consequence it leads to a rather remark- 
able result, which the Berlin critic did not think of. In 
the position which Professor Tornier demands for the 
elements of the fore limb, the foot must fall into a posi- 
tion with the toes turned inwardly, while put into the 
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position which he demands for the hind limbs the toes 
of the latter necessarily point outwardly. The accom- 


2 


Fic. 15. 1, rear view of scapula and fore limb of Diplodocus mounted accord- 
ing to the Tornierian prescription; 2, side view of ditto. 


panying diagram (Fig. 16) shows you the position which 
the hind feet and the fore feet assume when placed as 
Professor Tornier demands they shall be placed. Now, 
attributing to the humerus backward and forward mo- 
tion in a horizontal plane, you will see, as the dotted 
lines in the diagram show, the result which is reached 
when the humerus is thrown into a line parallel with the 
line given to the femur. The toes of the manus point 
inward and backward. The animal was ‘‘pigeon-toed’’ 
in front, while its hind feet were planted like those of a 
grenadier. The animal moved forward with the hind- 
feet, moved backward with its fore feet. If Tornier is 
right it must necessarily have been somewhat ‘‘balled 
up.”’ 

The Berlin critic denies the possibility of a backward 
and forward movement of the humerus in the scapula 
in a vertical plane. As an actual fact, in the judgment of 
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competent American investigators, the articulating sur- 
face of the humerus did thus move in the scapula, and the 
great projection on the outer side of the proximal end of 
the humerus, showing every evidence of having been pro- 
vided with enormous muscular attachments, gave the ani- 
mal the power to move the limb in the direction indicated, 
this projection being strictly analogous in function to the 
great trochanter of the humerus as it exists in the mam- 
malia to-day. The statement that the downward pro- 


Fic. 16. Diagram showing position of the foot of Diplodocus when mounted 
and moved according to the Tornierian prescription. 


jecting angle of the coracoid at its union with the scapula 
to form an acetabulum for the humerus precluded back- 
ward and forward motion in a perpendicular plane, as 
Tornier avers, is not borne out by an examination of the 
skeleton in situ. The humerus was capable of thus 
moving through a very long arc. 

Professor Tornier utterly ignores in his discussion a 
very important point, and that is, the structure of the 
ribs of the Diplodocus as compared with the structure 
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of these parts in the recent reptilia. I throw upon the 
sereen for purposes of easy comparison views of the ribs 
as they are arranged in recent crawling reptiles and of 
the ribs as they exist in the sauropoda, and more par- 
ticularly in Diplodocus (Fig. 17). A glance at this dia- 


Fic. 17. Seventh dorsal rib articulated in 1, Uromastrix; 2, Varanus; 
3, Iguana; 4, Crocodilus; 5, Diplodocus. 


gram must be sufficient to show you the enormous dif- 
ferences which exist, and to reveal to one who has the 
least mechanical aptitude that the body, or ‘‘barrel,’’ of 
the Diplodocus was constructed upon an ornithic rather 
than upon a lacertilian model. The articulation of the 
ribs does not lend itself to the idea that the animal pro- 
gressed upon its belly. 

Professor Tornier says that the long tail of the sauro- 
pod dinosaurs was intended to be carried at full length 
upon the ground, to stiffen and guide the movement of 
the anterior portion of the body. He speaks of it as 
intended for anchoring the body, describing it as ‘‘ein 
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Verankerungsmittel.’’ No doubt it did to a certain ex- 
tent so function, but to regard it as having been an in- 
strument for promoting, as Sternfeld indicates, a wrig- 
gling motion—‘‘schlangelnde Bewegung’’—is to attribute 
to the organ properties which it hardly possessed. The 
tail, while capable, no doubt, when the animal assumed 
a crouching position, of functioning as Tornier demands 
that it shall, must nevertheless have been to a very large 
degree used also as a support upon which the animal 
could when necessary prop itself, as upon one.of the 
legs of a tripod, as undoubtedly was the case with the 
carnivorous dinosaurs, to which the sauropoda are not 
so very distantly related. 

The theory, which has been proposed by Dr. Hay, that 
it was impossible for these huge sauropods to rear up- 
ward, seems to me to be one that any one who has care- 
fully studied the movements of animals, and especially of 
reptiles (turtles excepted), must repudiate. We know that 
certain of the smaller lacertilia to-day, when in rapid mo- 


tion, assume a bipedal pose. Professor Osborn in one of 
his papers has given us a reproduction of the figure of 
Chlamydosaurus in a running attitude, taken from an 
instantaneous photograph by Saville-Kent (Fig. 18). 


Fic. 18. Chlamydosaurus running. After Saville-Kent. Copied from Osborn. 


Even more striking than the posture shown in this pic- 
ture is the position constantly assumed by a well-known 
lizard of our southwestern and western country, Crota- 
phytus collaris Say. I regret that although I have had 
a number of these animals in captivity at our museum 
T never took the pains to have photographic snap-shots 
made of them when rapidly running across the floor. 
They assume when so doing a position in which the body 
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is far more perpendicular than is the case in the picture 
before you, and they carry the tail even higher. Ordi- 
narily these lacertilians crawl, trailing the tail behind 
them, but when alarmed they rise upon ‘their hind feet 
and throw the tail upward, moving along with great 
speed. I do not advocate such a position for the tail 
of Diplodocus, but, simply because it is long, to declare 
therefore that it must have necessarily trailed with its 
whole length upon the ground, does not appear to me 
to be reasonable. Animals with tails relatively quite 
as long, and even longer, are known to-day to hold them 
elevated, and there was proportionately as much mus- 
cular power, as shown by the muscular attachments, in 
the tail of Diplodocus, as there is in the tail of a Crota- 
phytus or a Chlamydosaurus. To declare as Mr. Hay 
does, that these animals must have moved as crocodiles 
and could not by any possibility have raised themselves 
from the ground, does not appear to me to be logical. In 
fact, those of us who have hunted alligators know that in 
life even alligators raise themselves high upon their 
legs when running, and get away like a dog at a sort 
of a trot. 

Tornier indulges in a lengthy criticism of the pose 
given to the feet in recent reproductions of the Diplodocus 
and demands that they shall be placed in a plantigrade 
position. He thus takes issue with Mr. Hatcher and 
with others who have carefully examined the subject. 
Professor Abel, of Vienna, in criticizing Dr. Hay’s 
article, has very aptly pointed out that the manner in 
which the metacarpals articulate in the pes and manus 
indicates a more or less digitigrade position. Those of 
us who are familiar with the feet of the sauropod dino- 
saurs know very well that in their structure, as indicated 
by the facets of both the proximal and distal end, there 
is strong evidence that they were not plantigrade in the 
sense in which the feet of existing reptiles are planti- 
grade. I throw upon the screen a diagram showing the 
proximal ends of the metacarpal and metarsal elements 
(Fig. 19). They arrange themselves in a semicircle 
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both in the hind foot and fore foot. This is less marked 
in the hind foot than in the fore foot. Such an arrange- 
ment of the metacarpals and metatarsals is significant, 


as has been pointed out by 
Hatcher and Osborn and is | D 
clearly shown by Abel. A 
Sternfeld brushes Abel’s 


criticism to one side, sta- 


ting that it can be easily 
got rid of because the Se 
same arrangement exists in ee 

2 


the feet of animals which are 

plantigrade. I would recom- 3,20, Dlastam showing, 
mend Dr. Richard Sternfeld metacarpals; 2, of metatarsals of 
to more carefully study the iocuaiean 

anatomy of plantigrades. The structure of the feet of the 
sauropod dinosaurs differs immensely from that of the 
feet of all recent plantigrades and all the recent reptilia. 
We have evidence of a rather conclusive character as 
to the fact that the sauropod dinosaurs were decidedly 
digitigrade in the one existing specimen of a sauropod 
footprint, which is happily preserved, a figure of which 
I throw upon the screen (Fig. 20). You will see as you 
examine it that the animal must have been provided, as 
Professor Hatcher long ago pointed out, with a very 
large foot-pad, and that its track is not at all like the 
track of any of the recent lacertilia. The evidence of 
this footprint is impressive and ought to go a long way 
toward confirming the view, which I believe is the only 
view which we can maintain, that these animals were more 
or less digitigrade in the pose of their feet. 

The form of the limbs, long, straight and pillar-like, 
in this respect differing vastly from the limbs of the 
creeping lacertilia and crocodilia, suggests that they 
were intended to support a weight thrown upon them 
from above. The femur of the crocodile, as you know, 
is bent, and the femora of many of the recent lacertilians 
likewise show a distinct curvature of the axis. The 
same thing is true of the fore limbs, notably in Varanus. 
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The axis of the proximal end of the humerus in Varanus 
lies in a plane differing as much as forty-five degrees 
from the plane of the axis at the distal end. This is not 
true in the case of the sauropod dinosaurs. The limbs 
were intended to bear a burden placed mainly above, and 


Fic. 20. Footprint of sauropod dinosaur. Specimen in the Carnegie Museum. 


their structure seems to plainly indicate this. It is in 
short impossible to articulate the limbs in such a position 
as to impart to the animal a crawling attitude. We have 
experimented a score of times and have tried different 
poses, only to come back again to the position which we 
have given to the reproduction of Diplodocus and which 
is the position that has generally been accepted by osteol- 
ogists as the correct position for such animals when 
standing or moving forward. Our reproductions may 
be, as they have been contemptuously styled by Hay, 
‘‘light-legged and straight-legged,’’ but no one who 
has had the matter practically in hand has yet been able 
to suggest any way of escaping the conclusion that these 
creatures were at all events more or less ‘‘straight- 
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legged.’’ For their ‘‘light-legged’’ qualities nature is 
solely responsible, though I fail, standing before these 
huge bones, to see why anybody should so describe them. 
Students of the lacertilia and of the testudinata may 
sneer, but it is beyond possibility to adopt the sugges- 
tions which they from time to time make, that those of 
us who are engaged in studing the dinosaurs shall squeeze 
these creatures into the forms with which they are famil- 
iar. The critics possibly do not realize that weeks and 
months and years of study have been spent by those who 
have been charged with the task of assembling these 
remains, and that the prescriptions, which they now 
furnish, have been already tried without their sugges- 
tion, and have for good reasons been found wanting. It 
is easy for a knight of the quill, who has never practically 
attended to the matter, to find fault. The latest attack 
upon those who have been making a special study of the 
sauropod dinosaurs has only served in the mind of the 
speaker to prove the correctness of the careful work 
which has been done in the past by students on both sides 
of the Atlantic. Evolution has had something to do 
since the sauropod dinosaurs walked the earth, and to 
say simply because the lacertilia of the present day 
creep and crawl that in Mesozoic times there were no 
reptiles which walked, is to go further than the facts 
seem to warrant. The pinnipedia and the cetacea live 
in the waters: it does not necessarily follow that their 
ancestors were aquatic in their habits and that their 
limbs were like those which they possess. Because 
snakes are to-day without feet or with only vestigial feet, 
it does not follow that the ancestral forms in remote 
antiquity moved as they move. Because a Varanus 
crawls to-day it does not necessarily follow that a sauro- 
pod dinosaur crawled. There is every evidence that 
they did not crawl, but that the restorations of Marsh, 
Osborn, and others are substantially correct in many 
important particulars. It is ‘‘a far ery’’ from the 
crocodilia, which, by the by, existed contemporaneously 
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Students of the lacertilia and of the testudinata may 
sneer, but it is beyond possibility to adopt the sugges- 
tions which they from time to time make, that those of 
us who are engaged in studing the dinosaurs shall squeeze 
these creatures into the forms with which they are famil- 
iar. The critics possibly do not realize that weeks and 
months and years of study have been spent by those who 
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tion, and have for good reasons been found wanting. It 
is easy for a knight of the quill, who has never practically 
attended to the matter, to find fault. The latest attack 
upon those who have been making a special study of the 
sauropod dinosaurs has only served in the mind of the 
speaker to prove the correctness of the careful work 
which has been done in the past by students on both sides 
of the Atlantic. Evolution has had something to do 
since the sauropod dinosaurs walked the earth, and to 
say simply because the lacertilia of the present day 
creep and crawl that in Mesozoic times there were no 
reptiles which walked, is to go further than the facts 
seem to warrant. The pinnipedia and the cetacea live 
in the waters: it does not necessarily follow that their 
ancestors were aquatic in their habits and that their 
limbs were like those which they possess. Because 
snakes are to-day without feet or with only vestigial feet, 
it does not follow that the ancestral forms in remote 
antiquity moved as they move. Because a Varanus 
crawls to-day it does not necessarily follow that a sauro- 
pod dinosaur crawled. There is every evidence that 
they did not crawl, but that the restorations of Marsh, 
Osborn, and others are substantially correct in many 
important particulars. It is ‘‘a far ery’’ from the 
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with the sauropoda, and the genera Brontosaurus, Moro- 
saurus, and Diplodocus. 

The Tornierian hypothesis may be dismissed, I think, 
as not within the range of the possible. It has, as one 
of my learned paleontological friends in Europe jocosely 
remarked to me, ‘‘only this feature to recommend it, that 
it accounts for the speedy disappearance of the sauro- 
poda, because if true, their lives must have been spent 
in indescribable agony, every joint being dislocated.’’ 

Both Dr. Hay and Professor Tornier indulge in specu- 
lation as to the food of Diplodocus. Tornier emphat- 
ically repudiates the idea that the animal was herbivorous 
and suggests that it was piscivorous. Sternfeld pictures 
it as squatting on the banks of streams and feeding on 
snails, bivalves, and amphibians. Hay approves of the 
suggestion of the present speaker, that Diplodocus may 
have fed upon alge. In this field we are all more or 
less left to our imaginations, and one man’s guess is as 
good as another’s. In view of the fact that cycads were 
numerous at the time when the Diplodocus and its allies 
lived and died, it may not be improper to renew the sug- 
gestion that possibly these plants furnished the food of 
the sauropod dinosaurs. However the terminal buds 
would have been poor fodder, being woolly and harsh, 
and the leaves are as stiff as wires and could not have 
been masticated by such teeth as the Diplodocus pos- 
sessed. On the other hand the interior of the stems of 
the cycads, ‘‘sago-palms,’’ is in all recent species a 
veritable mine of nutritious food, and was presumably 
the same in the ancestral forms. While the compara- 
tively feeble dentition of the Sauropoda would not have 
been of much use in getting at these supplies of starchy 
food, the heavy claw-like armature of the feet was quite 
equal to the task of ripping open the thin outer bark of 
the stems, and this accomplished, a single cycad stem 
of some of the larger species would have furnished a 
good meal of soft food capable of satisfying the hunger 
even of a Diplodocus. This suggestion has been freely 
discussed by the speaker with Dr. N. L. Britton of the 
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New York Botanical Garden, and seems plausible. It 
is thrown out as a hint worthy of consideration. If the 
terminal end of a cycad could have been torn away this 
also would have given access to the mass of food in the 
stem. The feeble dentition hardly seems equal to the 
task of tearing away this upper growth, but if it was, 
we then might have a reason for the great elongation 
of the neck. 

Before I conclude these remarks I desire to say that 
I am not without hope that recent discoveries made by 
the Carnegie Institute will tend to. throw a flood of light 
on the whole subject. We have found what paleontol- 
ogists have been searching for for forty or fifty years, 
three skeletons of sauropod dinosaurs lying articulated 
where they died. They are imbedded in hard sandstone, 
the work of removing which from the bones must involve 
a vast expenditure of time and effort; but in one case 
at least we know already that the vertebral column lies 
in position, articulated from end to end. Apparently 
hardly any disturbance has occurred and the bones even 
to the minutest tuberosities and rugosities are as perfect 
as when the animal died. The sternal ribs are present. 
When we succeed in carefully working out these huge 
skeletons from the surrounding matrix we shall probably 
be able to clear up some of the disputed points in the 
osteology of the sauropod dinosaurs. 


ANATOMICAL CHARACTERS IN THE EVOLU- 
TION OF PINUS? 


IRVING W. BAILEY 


HARVARD UNIVERSITY 


Pinus is the oldest genus of the conifers and the most 
important and interesting, whether considered from the 
botanical, economic or aboricultural standpoint. Occur- 
ring as it does in many species throughout the whole 
northern hemisphere, from it are derived many of the 
most valuable timbers and extractable products of com- 
merce. In accordance with the general impression, that 
flourishing genera are modern, since they show an obvi- 
ous adaptation to existing conditions of environment, it 
has been assumed that Pinus is of comparatively recent 
origin and marks the last word as it were in coniferous 
development. Recent investigations however of the oc- 
currence of Pinus in the American Cretaceous, show that 
in the lower levels of that epoch, species of pines were 
apparently much more numerous than they are at the 
present time. It is accordingly apparent that so an- 
cient a genus as Pinus and one so richly endowed with 
an abundant modern progeny’ supplies a particularly 
favorable subject for evolutionary investigation. 

It has been the practice in the past to arrange plants 
systematically on the basis of external characters alone, 
chiefly on the superficial features of their floral organs 
and leaves. In the case of so ancient a genus as that 
under consideration, this procedure has peculiar diffi- 
culties connected with it, since in the tremendous period 
of time during which it has been in existence, its exter- 
nal characters have undergone many puzzling changes. 
The internal structure of the genus however has shown 


1 Contributions from the Phanerogamic Laboratories of Harvard Uni- 
versity, No. 22. 
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less range of variability and greater constancy in defi- 
nite lines. On account of the long geological range of 
Pinus, anatomical characters, notoriously more constant 
than any others found in the higher plants, have had 
* time to become considerably diversified. As a result of 
the action of this principle, it is much more easy to dif- 
ferentiate two such species as Pinus strobus Linn. and 
P. palustris Mill. from one another anatomically than 
distinct Cupressineous genera such as Chamecyparis 
and Thuya. This arises from the fact that the Cupres- 
sinew, to which the two last-named genera belong, are 
of very recent origin compared with many of the species 
of Pinus. 

Before attacking the anatomical differences which 
mark the main lines of evolution in pines, it will be well 
to consider the artificiality of the groups into which they 
~ may be divided by the use of solely superficial characters. 
Such characters are the number of leaves in the fascicle, 
the deciduous or nondeciduous nature of the leaf-sheath, 
the texture of the cone-scale and the relative size of the 
seeds. Quinate leaf fascicles formed, for example, a 
very satisfactory basis for the classification of pines 
before those of the southern United States and Mexico 
became known to science. In Europe, Asia and northern 
North America, the possession of quinate leaf fascicles 
is a constant character of soft pines of the Strobus and 
allied sections. In the southern region of North 
America, however, are found hard pines such as P. 
Torreyana Parry, P. arizonica Englm. and P. Monte- 
zume Lamb. with leaf fascicle containing five leaves. 
On the other hand, a persistent leaf sheath such as is 
a feature of the hard pines is absent in P. chihuahuana, 
P. leiophylla and P. Lumholtzii, quite typical pines of 
the group in other respects. Nor is the texture of the 
cone-scale or the position of the apophysis on the umbo, 
characters which are used to distinguish the larger 
groups of Pines, any less exempt from disconcerting ex- 
ceptions. The American nut-pines, as well as those of 
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Asia, although belonging to the soft pine series have the 
thick cone-scales and median dorsal umbo of the hard 
pines. Nor is the nut-like character of the seed a con- 
stant character, for the nut-pine of Italy is a hard pine, 
while those of America and Asia are soft pines. If we 
seek for really dependable criteria for the classification 
of pines, we have to go below the surface. The single 
leaf-trace, for example, is absolutely constant throughout 
the soft-pine series as is equally the case with the double 
foliar bundle in the hard-pine series. Similarly, the 
soft pines are characterized by a single row of resin- 
canals in the first year’s growth which is duplicated or 
further multiplied in the hard pines. Englemann has 
further indicated the value of the number and position 
of the resin canals in the leaf for diagnostic purposes. 
An extremely important anatomical character for the 
separation of the two great series of living pines is the 
nature of the tracheid-like cells on the margins of the 
wood-rays. The nature of the pitting in the tracheids 
of the wood and the central cells of the wood-rays like- 
wise supply valuable criteria for the establishment of 
smaller subdivisions. It will be inferred from what has 
been said, that anatomical characteristics in the case of 
Pinus are very constant in broad lines and consequently 
are for the establishment of a natural classification, in- 
dicating the evolution of the genus, of the greatest 
value. External characters, on the other hand, are 
much subject to variability. 

Two main series of pines, the hard pines and the soft 
pines, may be clearly recognized, in accordance with ana- 
tomical characters. For example, the groups of which 
P. strobus Linn. and P. silvestris Linn. are types, are 
quite distinct. The latter species is characterized with 
the remaining hard pines, without exception, by the 
double foliar fibrovascular bundle, two or more rows of 
resin canals in the first ring of woody growth and den- 
tate or reticulate marginal tracheids of the wood-rays. 
The former species, together with the other soft pines, 
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has throughout the single leaf bundle, the single row of 
resin canals in the first woody ring and smooth-walled 
marginal ray-tracheids.!_ These two great races of pines, 
which may be traced from the Cretaceous to the present, 
may be subdivided on the basis of other characters, in- 
ternal and external. Within the subdivisions differ- 
ences in floral and foliar characters are much less vari- 
able than in the main lines. 

The nature of the parenchyma in the wood rays and 
the characters of the pits which connect them with the 
tracheids are features of considerable evolutionary and 
diagnostic importance in the various smaller subdivi- 
sions of the genus under consideration. For example, 
among the soft pines we find a group illustrated by the 
nut pines and foxtail pines of the United States, and 
by the nut pines of Asia (P. Gerardiana Wallich. and 
P. Bungeana Zuce.), which are characterized by the pos- 
session of thick-walled ray parenchyma, with very small 
lateral pits having distinctly circular borders (Fig. 1). 
These pits are usually four in each ‘‘cross field’’ (a 
cross field is the area of intersection of a ray cell and a 
tracheid) and quite distinctly separated from each other. 
The opening on the side of the tracheid is slit-like and 
often exceeds in length the diameter of the pit. The 
opening on the side of the ray cell is circular or lentic- 
ular and smaller or nearly equal in diameter to the 
border. In most of the nut pines and fox-tail pines 
these pits are rather uniform in size and in diameter, 
the same as the lateral pit in the marginal tracheids of 
the rays. In P. Bungeana of China the pits are of 
large size, with widely lenticular openings and more 
approximated than in the other nut pines. Small lateral 
pits such as those just described with distinct circular 
borders are characteristic of the ray cells of most of 
the conifers and are conveniently termed ‘‘piciform.’’ 


*Smooth-walled except for occasional spiral markings (see Fig. 1) which 
are quite distinct from the heavily sculptured reticulate and dentate mar- 
ginal tracheids of the hard pines. 
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EXPLANATION OF PLATE 


Fig. 1. Radial section of Pinus Balfouriana, showing the thick-walled 
character of the ray parenchyma, the characteristic piciform pitting of the nut 
pines, and a ray tacheid with spiral markings which are characteristic of this 
species. x 500. P 

Fic. 2. Radial section of the root of Pinus teda, showing the variation 
in the size of the pits, the distinctly bordered outlines and the increase in width 
of the oriface with increase in size of the border. x 300. 


Fic. 8. Radial section of Pinus Ayacuite, showing large pits with distinct 
circular borders and their fusion in places into large pits with oblong borders. 
x 800. 


Fic. 4. Radial section of Pinus Lambertiana, showing the formatioa of 
one or two medium-sized pits by the fusion of 2-4 small pits. The fusion has 
progressed most rapidly on the tracheid side and the ghost-like remains of the 
parenchyma partitions may still be seen. x 200. 


Fic. 5. Radial section of Pinus flexilis James, showing on the upper side 
the process by which four medium-sized pits, produced by fusion, are fusing iu 
turn into one or two medium-sized pits. In the center two medium-sized pits 
are fusing into a single large pit, and at the bottom two pits, in which the 
tracheid wall has fallen away before the parenchyma wall, may be seen. The 
ghost-like remains of the divisions of four and five small pits are still visible. 
x 300. 


Fic. 6. Radial section of Pinus palustris, showing piciform pits, the in- 
crease in size of these, and their fusion into irregularly shaped pits of many 
forms. x 500. 
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In the majority of the hard pines of the United 
States, we find ray pits somewhat similar to those of 
the nut pines. There are present one to eight small 
pits in each cross-field (Fig. 2). These pits, however, 
are very variable in size, number, form and structure. 
In some species, and in certain regions in almost all 
species, small piciform pits may be found (Fig. 6) oc- 
curring with these. In most species are pits with cir- 
cular borders of larger size and wide slit-like or lentic- 
ular orifices (Figs. 2 and 6). In places these pits become 
approximated and the borders fuse to form a single 
irregular border surrounding an elongated irregular 
pit. In certain species such as P. palustris Mill., P. 
Murrayana A. Murray, P. teda Linn., etc., numerous pits 
of large size may originate in this way. These are 
often crescentic, long oval, sausage-shaped or widely 
lenticular in form (Fig. 6). In hard pines we see two 
distinct lines of specialization in the formation of large 
pits, a tendency for the piciform pits to simply increase 
in size or a tendency for pits of large dimensions to be 
formed from the fusion of smaller ones. Hand in hand 
with the transition from small piciform to large pits 
there occurs a transition from thick to thin-walled ray 
parenchyma cells. Certain Pines (e. g., P. Murrayana 
A. Murray) show all gradations from thick-walled cells 
such as are characteristic of nut pines to very thin- 
walled cells, such as occur in the rays of P. strobus 
Linn. It is of interest to note that pit fusions take 
place equally in both thick- and thin-walled ray ele- 
ments. Either the thick- or thin-walled type of cell may 
predominate in the ray of the various hard pines. In 
the seedling and the woody axis of the cone of such 
pines, we find the ancestral piciform type of pitting well 
represented, and in the cone-axis in particular the ray 
parenchyma is thick walled. 

In both the hard and soft pines there is a group chara- 
acterized by the possession of one or two very large pits 
in each cross-field (Figs. 3 and 5). In places, however, 
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these may be represented by several small pits, and 
transitions may be found showing the development of 
these large pits from the smaller ones by fusion. In 
Fig. 5 is seen a condition characteristic of P. strobus 
Linn., P. silvestris Linn., P. Laricio Poiret., P. Thun- 
bergii Parl., P. Koraiensis Sieb. et Zuce., P. resinosa 
Sol., P. Cembra Linn. and other pines with large lateral 
ray pits. In the upper part of Fig. 5 the stages in the 
development of two large pits from four small ones may 
be made out, while in the central region appears the 
origin of a single large pit from two smaller ones. In 
the lower part of the same figure may be seen instances 
of multiple fusion, such as are particularly character- 
istic of the soft pines, where the pit openings on the 
side of the tracheids often fuse before those on the side 
of the ray, so that the ghost-like relic of the separating 
ray wall may still be observed. In Fig. 4 is seen a con- 
dition, which may be considered to illustrate the forma- 
tion of pits of medium size in Fig. 5. One or two rather 
small pits are being formed in most cases from the 
fusion of from two to four very small piciform pits. 
In Fig. 3 is seen a condition characteristic of certain 
soft pines (P. Avacuite Ehrenberg, P. albicaulis Engim., 
ete.) where the large-bordered pits have formed and are 
fusing in places to form elongated pits with oval out- 
lines. The large pitted soft and hard pines show in the 
seedling a reversion to the ancestral condition of numer- 
ous small pits and in their cone-axes piciform ray pits 
are characteristically present. Such pines have ordi- 
narily thin-walled rays cells, with the exception of such 
intermediate species as P. Lambertiana Doug. and P. 
Ayacuite Ehrenb. 

With this review of the ray pitting in modern pines, 
it will be apparent that in the nut and fox-tail pines we 
have exclusively piciform pitting in the lateral walls of 
the ray. This condition is of interest because it per- 
petuates the type of pitting which has been invariably 
found in the rays of Oretaceous pines as well as in 
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Prepinus Jeffrey, which must be regarded as a very 
antique representative of the pine-like conifers. This 
is particularly significant on account of the other an- 
cestral features presented by the nut pines. In both 
the hard and soft pines of the present epoch we find a 
gradual transition from the thick-walled rays cells with 
abundant piciform pitting of the ancestral type to thin- 
walled cells with few large compound pits. These large 
pits have been formed for the most part by the fusion 
of smaller pits, although in some instances they appear 
to have been derived by the simple enlargement of the 
piciform type of pit. It is of interest to note that the 
succiniferous pines, which gave rise to the Baltic amber 
in the late Eocene or early Oligocene, already show the 
transition from the piciform to the large type of pit. 
Conwentz notes that there may be from one to four 
pits in each cross-field and that the number decreases 
with the increase in size. He further notes that in 
certain regions the pits are predominantly small and in 
others large, but draws no conclusions as to the origin 
of the latter. From a consideration of the mode of 
formation of the large ray pits of Pinus, we see that 
the two main divisions of the genus fall roughly into 
two principal subgroups, one less specialized with one 
or several small pits in each cross-field of the wood ray 
and the other more highly specialized with large infre- 
quent pits in thin-walled ray cells. These subgroups 
grade into one another, but by recourse to other fea- 
tures of anatomical specialization as well as to external 
characters, a satisfactory basis for further subdivision 
along true evolutionary lines is obtained. 


SuMMARY AND CONCLUSIONS 


1. By a study of the anatomy of fossil and living 
pines certain lines of descent may be somewhat clearly 
discerned. 

2. Cretaceous pines as well as Prepinus Jeffrey were 


1 Conwentz, Monog. d. Balt. Bernsteinbaeume, pp. 55-56, Tab. XIV, 7, 
Tab. X, 4. 
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characterized by thick-walled ray parenchyma and pici- 
form lateral ray pits, by the absence of marginal ray 
tracheids and by abundant tangential pitting of the 
autumnal tracheids. 

3. The development of ray-tracheids, the disappear- 
ance of thick-walled ray cells, the origin of large com- 
pound ray pits and the loss of tangential pitting in the 
autumnal tracheids are all features of the evolutionary 
development of the pines of the present epoch. 

4. The large lateral pits of the rays in modern species 
of Pinus have taken their origin for the most part by 
the fusion of small pits with distinct circular borders. 

5. The hard and soft pines with very large lateral 
ray pits are the most highly developed living pines. 
The type of hard pines represented by P. resinosa in 
North America and P. silvestris in Europe, represent 
in the concurrent development of very large generally 
solitary lateral ray pits, with dentate marginal ray 
tracheids and the obliteration of tangential pitting in 
the autumnal tracheids, except in the seedling and in 
the woody axis of the cone, the most highly developed 
and specialized condition among living pines. 

6. The nut pines of North America and Asia have 
piciform lateral ray pits and thick-walled ray cells and 
in these features approach most nearly to the conditions 
of structure found in Cretaceous pines. 

7. The hard pines of the United States, with the ex- 
ception of P. resinosa, show a great range of variation 
from piciform to compound lateral ray pits. The soft 
pines present a parallel series of gradation in ray 
pitting. 

In conclusion, I wish to express my thanks to Pro- 
fessor Jeffrey for material of Cretaceous and other 
pines and for aid in securing the photomicrographs 
with which this article is illustrated. To Professor 
Jack I am indebted for. specimens of the woods of 
Asiatic pines and to Mr. E. W. Sinnott for the oppor- 
tunity of examining serial sections of the seedlings and 
cone-axes of a number of pines. 


FACTS ABOUT THE ‘‘LOBSTER PEARL’’ 
PROFESSOR FRANCIS H. HERRICK 


WESTERN RESERVE UNIVERSITY 


TurovucH the kindness of Dr. H. M. Smith, of the 
U. S. Bureau of Fisheries my attention was recently 
called to reports of the discovery of a ‘‘lobster pearl,’’ 
which had a wide circulation in the newspaper press. 

In an article credited to the New York Times, Mr. 
Herman Meyer, a pearl dealer in New York, to whom 
this object had been sent for examination, is reported to 
have described it as follows: 

As best I can see, the pearl has none of the laminated structure of 
a pearl produced by a shell. But, while it seems one homogeneous 
mass, at the same time it is as much a pearl as a lobster can produce, 
and as true a pearl for a lobster as is a regular pearl for a shell. 
Lobsters are not in-layers, and the inside meat of a lobster does not 
move as does the inside of a pearl shell. In my opinion it is a lobster 
pearl. 

In reply to a letter of inquiry on the subject, Mr. Al- 
fred Eno, of Jamaica, New York, gave this account of 
the finding of the ‘‘pearl’’: 

In July, 1907, accompanied by F. W. Denton, of Hollis, Long Island, 
I was eating dinner at the Orient Point Inn, Orient Point, L. I., and 
besides other things, we had some lobsters which had been caught in 
Plum Gut, off the end of Orient Point, the day before. Mr. Dunton 


broke open one of the claws of the lobster he was eating, and in biting 
into the meat, his teeth came in contact with a hard substance 


Mr. Eno kept this ‘‘hard substance’’ as a curiosity, 
and two years later sent it to the dealer in New York, 
who, as related above, pronounced it to be a true pearl. 

The following further details were given to me in a 
letter by Mr. Meyer: 


The pearl was about 7 millimeters in diameter; nearly round, not 
smooth; the color was a light manilla, about that of the inside of the 
shell after boiling. The hardness was about 3; the texture was solid, 
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without layers, and the fracture was waxy but not brittle nor con- 
choidal. It had no place where it seemed to be attached to anything, 
and it had no lustre beyond that of beeswax. To all appearance it 
seemed the same material as the inside of the claw, without crystalline 
structure and without layers. Every appearance of the pearl and the 
manner of the finding, and the two men who found it indicated that it 
was not a fake. I deal with many of these things, almost daily, and 
could have determined that fact. 


Later through the courtesy of Mr. Eno, I was able to 
make a careful examination of the so-called ‘‘pearl,’’ 
and to secure the photographs, which are here shown. 
While my findings, which will be now given in detail, do 
not support the view expressed above—that we are deal- 
ing with a true pearl-like body in any proper sense— 
they in no way detract from the biological interest of 
the object, which is without doubt unique. 

Description.—The body called a ‘‘pearl’’ is chiefly re- 
markable for its form, for when seen from one side or 
pole it has the appearance of a 
nearly symmetrical sphere, 11 milli- 
meters in diameter (Fig. 1). That 
it is not in reality regular, but has 
a long axis at right angles to a flat- 
tened side, is better seen by refer- 


° Fig. 1. The “lobster 
ence to Figs. 2 and 3, in which the pearl,” seen from side par- 


allel with axis of ingrowth. 


object is represented four times its Xitural size. 


natural size. Its absolute weight is 
0.9785 gram.’ It is of a light buff color, and in all essen- 
tial respects resembles the shell of any lobster’s claw, 
when seen from the inside, and in the dried state (Fig. 4). 
The surface of the body is neither chalky nor waxy, 
but shines faintly, and has a distinct punctate or granu- 
lated appearance. The flattened pole or side, which 
bears the marks of a knife, and was evidently once 
rougher than now appears, represents, without any 
1¥For this determination, as well as for the specific gravity of the 


‘*pearl,’’? and shell of the lobster’s claw, I am indebted to my friend Pro- 
fessor H. W. Springsteen, of Western Reserve University. 
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doubt, the original ‘‘stalk’’ or bond of union with the 
rest of the shell. Close to this base rises a crest one 
third of an inch long (seen to left of star in Fig. 3), 
and from this a rather conspicuous furrow diverges and 
passes diagonally up one side of the mass. In this 
furrow close to what we regard as the base of attach- 
ment, lies a large hair-pore (over star), which is visible 
to the eye, and into which a needle-point can be easily 
thrust, while around this base a dozen smaller but quite 
similar hair-pores can be readily detected with a 
magnifying glass. 


Fic. 2. Sphere, seen from same side Fig. 3. Sphere, seen from the side 
shown in Fig. 1, showing elevations opposite that presented in Fig. 2, show- 
corresponding to the tegumental glands. ing an oblique groove running up from 
Arrow marks the direction of the in- the base of attachment. Large hair-pore 
growth. Four times natural size. near the base is over the star. 


The punctuate or granulated surface of the body 
(Figs. 2 and 3) is seen upon microscopical examination 
to be due to minute elevations, which are thickly and 
rather uniformily distributed. Each of these elevations 
is crater-like, having what appears like a central pore, 
from which radiate very fine creases or striz. 

The shell of the lobster, although apparently a solid 
armor, is very sensitive, for it is virtually a strainer, 
being penetrated in its every part with multitudes of 
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minute vertical canals, which give passage to either 
sense-organs (sensory sete, bristles or ‘‘hairs’’), or to 
glands (ducts of the tegumentary glands), and thus put 
the soft and sensitive skin in direct relation to its outer 
environment. The pores of the tegumental glands open 
on crater-like elevations similar to those described 
above, but lie far below the limits of visibility to the 
naked eye. These glands themselves are usually not 
over .15 millimeter in longest diameter, and while the 
length of their ducts is not commonly more than .15. 


Fic. 4. Photograph of the inner surface of the shell, from the lower side of 
the toothed claw, showing “blisters” (h. p.), which represent the hair-pores. 
The larger elevated areas (s. p.) near the margin are sieve-plates, which give 
passage to hundreds of set#. Four times natural size. 


mm., plus the thickness of the shell at that point, their 
diameter is only .008 mm. The hair-pores, on the other 
hand, are sometimes visible, being .15 mm. in diameter 
or larger, while many are much smaller than this, and 
when the shell from the under side of the big claws is 
seen from the inside, they are found at the summit of 
large blister-like elevations (Fig. 4), though too small 
to show in the photograph. In other places, as in the 
shell from the upper side of the big claws, the pores of 
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this type usually lie at the bottom of corresponding de- 
pressions. We consider that the minute elevations on 
the surface of the so-called pearl mark the positions of 
tegumental glands, the only other possible conclusion 
being that they represent extremely minute and no 
longer functional hair-pores. In any case they prove 
that the structure of this body tallies with that of the 
rest of the shell. 

It may be added that between the conspicuous ‘‘cra- 
ters’’ of the more prominent and functional hair-pores 
(on the inner surface of the shell of the big toothed 
claw), innumerable smaller granulations occur which do 
not appear to belong to functional sete or to glands, while 
along the lower outer margin of this claw, where the 
sete are bunched, each elevated area has the appearance 
of a sieve, bearing hundreds of holes. Two of these 
areas, which correspond to very marked depressions on 
the outside of the shell appear at the upper right hand 
side of Fig. 4 (s.p.), close to the outer margin of the 
toothed claw, and near its tip. The magnification, how- 
ever, is not sufficient to show the pore-canals. The 
hard shell of the lobster is further vertically striated 
and horizontally laminated, and the same laminated 
structure can be seen at the base of the body in ques- 
tion, where a knife has been applied. 

The specific gravity of the sphere was found to be 
1.45, and that of a part of the dried shell. of a toothed 
claw (from upper surface of propodus, near the hinge- 
joint of a large hard-shelled individual) was 1.43. 

It is thus evident that in color, texture, structure and 
specific gravity, the body under analysis agrees with 
the shell, being peculiar only in its form, and in the 
position which it occupied in the meat of the claw. It 
is not a ‘‘pearl’’ in any sense, but an integral part of 
the shell, to which it was joined at its short stem or 
base, until the claw was broken open by the finder. 

Origin.—It is safe to say that no proper pearl can be 
formed in a crustacean, and presumably in no other 
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arthropod, since the hard shell is a differentiated por- 
tion of the outer ends of the epithelial cells themselves 
and in direct organic connection with them, except un- 
der the peculiar conditions which determine the molt. 
The shell of a pearl-secreting mollusk, on the other 
hand, is a true secretion product, to which deposits are 
successively made by epithelial cells having a different 
relation to the shell, which is never cast off. Assuming 
that a foreign body could by any means find lodgment 
between the hard and soft parts of a lobster’s skin, it 
would not be free to move as is the case with a grain 
of sand inserted beneath the mantle of a bivalve mol- 
lusk, and if it did not immediately set up a process of 
regeneration at the point of lesion, the foreign body 
would be surely lost at the succeeding molt. 

If the shell of the claw to which this spherical body 
pertained had been preserved, its origin could have been 
traced with greater certainty, but all things considered, 
it seems to be a vagary of the process of regeneration, 
due in all probability to some peculiar injury, leading 
to an ingrowth or pocketing of the skin at that point, 
instead of to the usual protuberance. It represents a 
permanent ingrowth of a part of the shell, started in 
all probability when this was soft, and not later 
smoothed out or effaced at any subsequent molt. While 
it would be impossible to prove that this body was not 
formed, as we see it, during the interval between two 
molts, it seems quite possible that it has survived more 
than one casting of the shell, in which case we should 
have a succession of ‘‘pearls,’’ similar to this one, but 
probably forming a progressive series as regards their 
size and solidity. 

A cruder suggestion would be that this sphere repre- 
sents one of the grinding tubercles or ‘‘ molar teeth’’ 
of the crusher claw, like the large proximal and usually 
symmetrical tubercle of the dactyle, pressed into the 
meat of the claw in some unaccountable manner, and not 
later restored to a normal condition. The presence of 
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tegumental glands, assuming that these have been cor- 
rectly identified in the body in question, might lend 
some support to this idea, for the tubercles are formed 
by fusion of the sharp teeth, near the apex of each of 
which a tegumental gland is seen to open, up to the 
fourth and to even later stages of development before 
the adult types of claw have been differentiated. I 


Fic. 5. Diagram to illustrate the origin of the “lobster pearl,’ the axis of 
ingrowth being marked by arrow. The horizontal lamine of the shell, and the 
vertical canals (hair-pores or capillary ducts of the tegumental glands) being 
only roughly indicated; a, area of ingrowth; ep, chitin-forming epithelium of 
soft skin; fh. s., hard shell; p. c., canals penetrating shell; mu, muscles. 


am inclined, however, to regard the body as the result 
of regeneration, due to injury, in the way suggested 
above. 

Reduced to the simplest expression, the ingrowth and 
shell proper bore the relations shown in Fig. 5, where 
the axis of invagination is marked by the arrow. The 
ingrowth involves in succession the soft skin (dermis 
and chitin-secretin epithelium), the calcified non-pig- 
mented and pigmented strata, and the thin outer enamel 
layer of the hard shell, but the superficial area of in- 
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growth (marked a) may be represented here as extended 
too far below the surface. The relations, however, are 
the same, whether this pocket is deep or shallow, and no 
attempt is made to express any possible mechanical 
conditions which might determine the inward rather 
than outward direction of such a fold. 
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SHORTER ARTICLES AND CORRESPONDENCE 


AN EIGHTEENTH CENTURY MICROSCOPE* 


EARLY microscopes are uncommon and our knowledge of the 
sequence of their forms is in part to be gained by random dis- 
coveries. The instrument shown in the figure was obtained 
recently from the antiquary Meyer in Ziirich (who said that it 
had formed part of the collection of Sir Henry Angst), and it 
is worthy of comment, both for its early date, and its admirable 
preservation. 

It dates, in all probability, from the early years of the eight- 
eenth century. It resembles in essential regards John Mar- 
shall’s? microscope of about 1700 and Hertel’s* of 1716. Indeed 
it may possibly be slightly earlier than the Marshall instrument, 
for in some regards it is more archaic. Thus it conserves the 
tripod-shaped support, and lacks the mechanical focusing adjust- 
ment. It is, moreover, not an instrument of common class in 
which such features would be retained at a late date by reason 
of economy, for its workmanship is throughout precise and ele- 
gant. On the other hand, it is furnished with a sub-stage mirror 
which suggests a transitional form to the Hertel stand. The 
stage and the supports of the barrel are of brass, as well also as 
the upper rim of the eyepiece, which is provided with a dust- 
proof sliding cover, as in early spy-glasses. The barrel and its 
supporting tube are of carton; the former is covered with green 
paper which bears rings as guides for focusing, and gilt bands, 
the latter is decorated with Chinese shagreen. The base of the 
barrel, the mounting of the objectives and the region of the eye- 
piece are of ebony. The base of the stand is octagonal, orna- 
mented with moulding and furnished with a drawer for acces- 
sories. It is quite similar to the Marshall instrument in this re- 
gard, and in the turned supports of the eyepiece and of the ob- 
jective. 

There is but one eyepiece, its lenses measuring 1 inch and 
12 inches in diameter, and it can not be removed from the stand. 

1 Recently presented to the American Museum of Natural History. 

?Cf. Harris’s ‘‘Lexicon Technicum,’’ 1704, and figured by Carpenter 


(VII. ed.), 1891, p. 136. 
* Op. cit., pp. 137-138. 
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There are five objectives, numbered, of which No. 1 is the high- 
est. The power of magnification is as follows: 
Eyepiece and objective 5==20 diameters (at 10 inches). 
Eyepiece and objective 4—=28 diameters (at 10 inches). 
Eyepiece and objective 3==50 diameters (at 10 inches). 
Eyepiece and objective 2 = (broken) 
Eyepiece and objective 1=—= 330 diameters (at 10 inches). 


The lenses are simple (achromatic doublets dating only from 
the early nineteenth century) and are diaphragmed extensively. 
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In fact, the lens of the highest objective is enclosed in a brass 
capsule which is perforated on either side, the perforations 
measuring about %; of an inch in diameter. With the highest 
power there is an extraordinary working distance—one eighth 
of an inch. The maximum magnification, by the way, corre- 
sponds roughly with that of a modern Leitz microscope, having 
a No. 6 objective and No. 1 eyepiece. 

The accessories include stage-forceps, a small bull’s-eye con- 
denser, a hand lens, forceps, extra concave mirror, a long 
handle (?), a plano-concave lens, and ten objects mounted dry 
in sockets in a wheel-like carrier. The objects are still in place 
and include pollen, flea, wing of fly, spider and insect scales. 

BASHFORD DEAN. 


STOMATOLEPAS, A BARNACLE COMMENSAL IN THE 
THROAT OF THE LOGGERHEAD TURTLE 


While investigating the parasites of the loggerhead, Ca- 
retta caretta, at the Marine Laboratory of the Carnegie Insti- 
tution at Tortugas, Florida, Professor Edwin Linton found 
numerous small barnacles partially imbedded in the mucous 
membrane of the upper end of the gullet. Many sessile bar- 
nacles are known to live externally on marine turtles, whales, 
etc., but up to this time none has been known living internally.* 
One group of Cirripedia, the Rhizocephala, consists wholly of 
parasitic forms which penetrate their crustacean hosts through 
the external integument. The barnacle discovered by Professor 
Linton which we will call Stomatolepas, seems to be the first 
commensal form of the thoracic cirripedes. 

Stomatolepas has about the size and shape of a split pea, the 
oral surface being flattened. The calcareous walls form a shallow 
bowl which is imbedded about half of its depth in the membrane 
of the gullet or posterior part of the mouth of the host. 


Stomatolepas pregustator n. sp. 


The walls form a very broad, shallow cup, nearly circular in 
contour, and about twice as wide at the opening as at the base. 
The base is flat, circular, excessively thin, but sufficiently calci- 
fied to be rigid and retain its shape when dried. The plates of 
the wall are composed of two layers, an inner layer, thin, dense 
and transparent, and an outer covering of several layers of thin- 


1 The stalked barnacle Dichelaspis lives in the gill cavities of crabs, but 
is not truly parasitic or commensal. 
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walled cells. Externally a shallow radial sulcus in the cellular 
surface marks the sutures between the plates. Each plate has a 
triangular smooth median area at the base, where the outer cel- 
lular layer is lacking, and the arched projecting upper ends of 
the plates also lack the cellular layer. The summits of the 
rostral and lateral plates are broader than the bases and strongly 
arched; the cardinal plate projects less above the cellular 


Fic. 1. Stomatolepas pregustator, lateral view and diagram of the oral face. 


layer and is lower than the others. Internally the plates of the 
wall are glossy, show no sheath, and are transversely ridged, the 
ridges very narrow, parted by wide smooth intervals and about 
twelve to fifteen in number; the basal fourth or third of each 
plate is smooth. 

Length of the walls 6.7, diam. 6, height 3 mm. 

The opereular plates protect less than half the area of the 
orifice, are very thin, glossy, white and smooth both outside and 
within. They are long and narrow, the terga in contact with the 
scuta but not articulated or interlocking in any way. The scuta 
are longer than the terga, tapering to a point at the rostral end, 
rounded at the tergal end. 

The cirri are rather short. The first has unequal rami of 8 
and 12 segments; the rest have subequal rami, the sixth pair 
having 20 and 22 segments. The segments are armed with two 
pairs of long spines, and on some of the median segments a third 
extremely minute pair. Posteriorly there is a pair of small 
spines at the distal angle of each segment. 

The penis is about as long as the cirri, very densely annulate, 
bearing very few minute hairs. There is a dense terminal pencil 
of very short hairs. 

The mandible has four large spines and a blunt, multispinose 
lower angle. The maxilla has two large spines above followed by 
a small notch, below which there are 7 to 10 spines. 

Stomatolepas belongs by its non-articulated seutum and ter- 
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gum to the subfamily Coronuline as defined by Gruvel,? being 
most closely related to the genera Tubicinella Lam., which lives 
on the skin of whales, and Stephanolepas Fischer, a barnacle 
which lives imbedded in the plates of Thalassochelys imbricata. 
Both of these have the wall more or less tubular and conspicu- 
ously annulated externally. In Stomatolepas the wall is de- 
pressed and broadly bowl-shaped, and covered externally with 
a mass of thin-walled cells. 
Henry A. PIussry. 


THE AGE OF SPEED SIRES 


The contribution by Professor F. R. Marshall in THE Amert- 
cAN NatTurRALIST for January, 1909, on the age of speed sires, 
escaped my notice until recently called to my attention. In that 
article Professor Marshall refers to the fact that I found the 
average age of trotting sires to be 10.43 years, and that by ta- 
king all sires in four generations of ancestors of 2:10 trotters I 
found the average age at approximately 14 years. 

Professor Marshall objects to this comparison as not being a 
fair one on the ground that by going back four generations 
from our 2:10 trotters we go back into the formative period of 
the breed. This formative period, he asserts, followed the descent 
from Hambletonian 10, foaled in 1849, and involved his sons, 
which were used largely in the stud until old age. This he holds 
produced an abnormal number of old sires at that period of his- 
tory, and that by including them in my tables I was drawing 
unwarranted conclusions from what was a mere incident. This 
he reinforces by showing that the immediate sires of 242 trotters 
in the 2:10 list were of the same age that I found for the normal 
breeding age of 1,000 cases. 

In this matter Professor Marshall labors under a misappre- 
hension. The average age of 10.43 years for sires which I found 
was the average as it existed in the ‘‘formative period’’ from 
1840 to 1890. The ‘‘Register’’ from which they were taken was 
published in 1892 and contained an alphabetical list of all stand- 
ard horses from the earliest date up to immediately before 1892. 
The tabulation was taken alphabetically from the index and the 
10.43 is an accurate representation of what occurred when the 
grandsires, great-grandsires and great-great-grandsires of our 
2:10 trotters were living and being bred. 

There is, in this matter, food for profound thought, and, with- 

2 ‘Monographie des Cirrhipédes on Thécostracés,’’ pp. 9, 270. 
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out being too accurate in decimals, I will briefly state the situ- 
ation as it exists. The immediate sires of our 2:10 trotters are 
of an average age of 10.4 years. The grandsires are the im- 
mediate sires of the sires and dams of 2:10 trotters, and as 
immediate sires they should be 10.4 years of age, which was 
the average age of sires at the time they became sires in these 
pedigrees. But they are not. In these pedigrees they are 12.5 
years of age. Evidently something has happened to disturb the 
normal conditions. 

Again, the. great-grandsires were the immediate sires of the 
grandsires, and they became such when the Hambletonian family 
was breeding at 10.4 years between generations. But they did 
not become sires in these pedigrees at their own average age at 
reproduction, but at 13.5 years. Going back one more genera- 
tion in these pedigrees we find the sires to be 14.5 years, going 
‘another generation we find them at 15 years, and going still 
another generation we find a total of 467 horses being sires at 
an average age of 15.98 years! 

Certainly, no one in his senses will believe that horses were 
ever bred in this or any other country at such average ages as 
these for any considerable body of them. Something extraordi- 
nary has occurred, and that something deserves careful thought 
and a reasonable explanation. That this matter is really extraor- 
dinary I will illustrate by calling attention to another feature. 
Some of the horses which appear as sires in the different gen- 
erations were sent to the race track, while others were never 
raced. When a horse is raced, he spends his early years on the 
race track and is retired to the stud after his racing career is 
over. As a consequence, of two brothers, one of which went to 
the track and the other of which went directly to the stud, the 
one which is raced becomes a sire at the higher average age, and 
they should appear so in these pedigrees. But they do not. 
The ages previously given are the ages of the sires which had 
no standard records. The sires with records which appear in 
these pedigrees appear in each and every generation at an aver- 
age age of less than 10 years. 

Now, why is this? No reference to a formative period is an 
explanation when both kinds of horses were living and breeding 
at the same time. In the best pedigrees, those horses which had 
standard records appear at less than the average breeding age, 
while those which had no records appear at about four years 
above the average breeding age. Casper REDFIELD. 
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NOTES AND LITERATURE 
BIOMETRICS 


Recent Quantitative Studies on Variation in Social Insects.—The 
social insects (ants, bees, wasps and termites) because of the 
differentiation of their populations into ‘‘castes,’’ distinguish- 
able from one another in somatic characters, present a whole 
series of interesting problems in variation, heredity and morpho- 
genesis. These animals afford very alluring material with which 
to undertake biometrical study of various problems within the 
fields mentioned. It is a matter of comparative ease to get rela- 
tively large numbers of individuals. The firm exoskeleton 
makes measurement, and the preservation of material unchanged 
for future measurement, comparatively easy. Finally, in addi- 
tion to the wide variety of somatic structure to be found in the 
several castes, the relation of these castes to sexual and asexual 
modes of reproduction also adds to the intrinsic biological 
interest and usefulness of the material for the study of general 
problems. 


In view of these considerations it is somewhat surprising that 
more biometric work has not been done with the social insects as 


material. So far as the writer is aware there has as yet been . 
but one quantitative study of variation in ants, that of Kellogg 
and Bell (10). With bees the case is somewhat better. Here 
we have, besides the earlier work of Koschewnikow (11, 12) and 
Bachmetjew (1, 2, 3, 4,5 and 6) the careful quantitative studies 
of Casteel and Phillips (7), Kellogg and Bell (loc. cit.) and 
Kellogg (9). Miss Entemann’s (8) study of variation in the 
coloration of Polistes, which was quantitative in character, was 
the only study of the kind on wasps before 1907. 

During the last two years two papers dealing with variation 
in wasps have been published from Pearson’s Biometric Labora- 
tory. The first of these, by Wright, Lee and Pearson (16), 
deals with the results of a study of the variation exhibited by 
the individuals of the several castes (queens, drones and 
workers) taken from a single nest of Vespa vulgaris. From the 
material coniained in this nest it was possible to get measure- 
ments of 129 queens, 130 drones and 129 workers. The length 
and greatest breadth of each wing were measured, as well as 
the dimensions of various ‘‘cells’’ marked off by the wing veins. 
Altogether seven absolute measurements were made and from 
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these six indices were calculated. The first point brought out 
by the measurements is that the wings of queens are larger than 
those of drones, and the drones in turn possess larger wings than 
the workers. There are some differences in the proportions of 
the wings in the three castes, though these differences are not 
relatively so great as those in absolute size. There are only 
slight differences, either in absolute size or proportions, between 
the wings of the two sides of the body. All these are facts 
easily enough ascertainable by direct observation. The biomet- 
rical expression makes more precise and accurate what was 
already known. In regard to the absolute size of the wing the 
worker is absolutely and relatively more variable than the drone, 
and the drone than the queen. In regard to the proportions of 
the wing (as measured by the indices) this relation is nearly 
reversed, though the differences are much smaller; the drone 
is slightly less variable than the worker, and the queen is less 
variable than either. The degree of relative variability, as meas- 
ured by the coefficient of variation, is exceedingly small for 
some of the dimensions of the wasp’s wing. The mean coeffi- 
cients for queens’ wings are for absolute dimensions 1.57 (right 
wing) and 1.54 (left wing) and for indices 1.28 (right wing) 
and 1.25 (left wing). These are among the smallest variabili- 
ties yet recorded. 

The highest correlations between wing dimensions were found 
in the workers, and (with the exception of a single pair of 
characters) the lowest correlations in the queens, the drones 
taking an intermediate position. The index correlations were 
found to be nearly all negligibly small. On the basis of this 
result the suggestion is made that these wing proportions, as 
given in the indices, ought to be useful taxonomic characters. 

The point of greatest interest brought out by this first study 
of wasp variation is the relative variability exhibited in the 
different castes, as compared with what has been found for bees. 
There can be no doubt apparently that in bees the drones are 
more variable than the workers. This result was announced on 
rather dubious statistical grounds by Casteel and Phillips (7), 
criticized by Lutz (13), but abundantly confirmed by Kellogg 
(9) and by Pearson’s (16, p. 422) reductions of the data of 
Casteel and Phillips. In the wasp the drones are distinctly less 
variable than the workers. 

A second study of variation in wasps already referred to has 
appeared quite recently. The work was done by Thomson, Bell 
and Pearson (14) and deals with the comparative variability 
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of queens taken from a single nest, on the one hand, and of an 
equally large sample of queens, presumably taken at random 
from the ‘‘general population’’ of queens, on the other hand. 
Such a comparison is obviously of a great deal of interest bio- 
logically. First as to the source of material for the study: The 
queens from a single nest were the same ones that were used 
in the first study discussed above. The ‘‘general population’’ 
queens were obtained in the following way: 


The queens for this second investigation were obtained in the spring 
of 1908 in the neighborhood of Gerard’s Cross. As soon as the first 
queen wasp appeared, a reward of 1 d. was offered for each queen 
wasp brought, and considerably over 200 were then rapidly collected. 
. . . The specimens came in small numbers, sometimes one at a time, 
often alive, and there is no reason to doubt that they represent a genu- 
ine sample of the queen wasps of the autumn of 1907, which survived 
the winter and were starting in the spring of 1908 to establish their 
nests. 


This ‘‘general population’’ material collected in the way 
described would appear to be open to serious criticism from 
several points of view. In the first place, as pointed out by the 
authors, these ‘‘ general population’’ queens represent a different 
locality and season of the year from the single nest queens with 
which they are compared. Nothing is known about the effect 
of environmental and seasonal influences upon the characters 
studied. In the second place, it is difficult to find in the sen- 
tences quoted above, which is all the information that is offered 
touching the point, any real concrete evidence that these queens 
collected on the bounty system really were, as a matter of fact, a 
truly random sample of the ‘‘general population’’ of queen 
wasps. Since they all came from one restricted locality more 
than a suspicion is raised, considering the habits of wasps and 
the relative frequency and distribution of wasp nests, that they 
may all have emanated from a very few original nests. If they 
did the whole paper is vitiated. It is not of course meant to assert 
that they did come from a few nests only, but it is desired merely 
to point out that the authors of the paper apparently have no 
evidence (and made no attempt to get any) that they did not 
so originate. It might be held that the values of the biometric 
constants calculated for these queens constitute evidence that 
they are a random sample of the general population. But this 
is merely arguing in a circle. It is precisely equivalent to say- 
ing that two and two make four because four is made by two 
and two. The constants are, in the first instance, caleulated and 
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their values are subsequently used in the discussion on the 
assumption that the material is really a random sample of the 
general population. The discussion of the biological import of 
the constants has no significance if this assumption is not true. 
This being so, it is not feasible to turn around and say that the 
values of the constants prove the randomness of the material. 
On the basis of this rather dubious material the discussion of 
a very interesting question of inheritance is undertaken. The 
characters dealt with are the same as those of the former paper. 
The first point brought out is that there is a slight but definite 
differentiation between the ‘‘single nest’’ and the ‘‘general pop- 
ulation’’ queens. The authors state that they are not clear as 
to what is the cause of the differentiation. The main point of 
the paper turns on the relative variability of the two groups. 
Taking first the standard deviations (the coefficients of variation 
show the same thing), it appears that the ‘‘single nest’’ queens 
are roughly only just about half as variable as the ‘‘general 
population’’ queens. A long discussion follows regarding the 
question of whether the amount of this reduction in variability 
in the single nest is what would be expected on the basis of the 
law of ancestral inheritance. The general outcome is that it is 
not! There are, however, so many biological factors about which 
the authors avowedly have no data at all, concerned in the pro- 
duction and interpretation of the observed results, to say noth- 
ing of the general difficulty about the randomness of the 
‘“general population’’ sample, that the discussion fails to be very 
convincing in any direction. This particular case well illus- 
trates a tendency which seems likely to do a good deal of harm 
to the biometrical cause, so far, at least, as biologists are con- 
cerned. The whole discussion of inheritance in wasps in this 
paper rests on a series of premises and assumptions regarding 
wasp biology, which are made without any attempt whatever first 
to learn by direet investigation the actual biological facts. This 
method of developing a long and involved theoretical argument, 
with very far-reaching ultimate conclusions, upon an exceedingly 
slender basis of facts, gives such discussions of heredity a highly 
academic, not to say Pickwickian, flavor. In general one can 
not help feeling that if one becomes seized of a desire to know 
how characters are inherited in wasps the direct and straight- 
forward way to set about easing his intellectual pangs is to breed 
wasps under controlled experimental conditions and observe the 
results. The technical difficulties of dealing with this particular 
material in this way would doubtless be considerable, but prob- 
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ably not absolutely insurmountable. In any event it would seem 
that indirect methods of studying inheritance should be only a 
sort of last resort when direct methods have failed or can not be 
applied. 

The correlations are also found to be reduced in the nest as 
compared with the ‘‘general’’ population. The amount of this 
reduction is shown to be that which would be expected as a 
statistical consequence of the observed reduction in variability 
of the one population compared with the other. 

Warren’s (15) termite paper contains a wealth of interesting 
biological data. It presents the constants calculated from a very 
extensive series of measurements of the character head breadth 
in the different castes of several species of South African ter- 
mites. The bulk of the data are from one species, Termes nata- 
lensis. A typical nest of this species contains the following 
kinds of individuals: (1) A single king and a single queen, 
these being the only sexually mature forms present; (2) soldiers 
of two sizes, asexual; (3) workers of two sizes, asexual; (4) 
winged males and females, not sexually mature; (5) young or 
immature members of castes (2), (3) and (4). Some of the 
more interesting results which come out of this work are as 
follows: 

There is considerable seasonal variation in the individuals of 
the same nest. The mean is smallest and the absolute varia- 
bility greatest in material taken in November, and the mean is 
greatest and the absolute variability least in March material. 
Warren offers the following explanation of this result: 

This seasonal variation probably arises from two causes at least: 
(1) the elimination of the physically unfit, (2) post- “adult” growth. 
With reference to the first cause it may be noticed that it is very prob- 
able that more individuals arrive at maturity from August to November, 
that is during the first rains, than at other seasons, and therefore the 
stunted adults will be more abundant during this period, with the 
result that the mean would be lowered and the standard deviation 
would be raised. By the time that March arrives the small and weakly 
individuals of the nest are likely to have died, and consequently the 
mean will be raised and the standard deviation will be diminished. The 
second, and perhaps more potent influence, is that the so-called 
“ adults” appear to grow to a certain extent even after their exoskele- 
ton has become hard and yellow. 

The workers of 7. natalensis are on the average less variable 
than the soldiers. The ratio of worker variability to soldier 
variability is about 0.8. The sexual castes are less variable than 
the asexual, both in 7. natalensis and as an average of the study 


| 
\ 


No. 521] NOTES AND LITERATURE 313 


of other species of termites. The variability of a ‘‘general popu- 
lation’’ of T. natalensis obtained by adding together random 
samples of 100 individuals each (the small soldiers being the 
easte chosen) from 30 different nests. The coefficient of vari- 
ability obtained from this population was 7.02 as compared with 
3.02 as the average coefficient for single families (7. e., nests). 
There is thus a reduction here, as in the wasps, of about 50 per 
cent. in variability in passing from ‘‘general population’’ to 
single nest. The ‘‘inter-nest’’ correlation of the means between 
any two castes is about 0.9. The author points out that: 


It is eurious that the correlation between similar castes (large and 
small soldiers) does not appear to be greater than that between dis- 
similar castes (small soldiers and large workers). 


From a study of the correlation between the coefficients of varia- 
tion it appears that: 

In any given nest when one caste happens, say, to be particularly 
variable, it does not follow that every other caste is correspondingly 
variable. From a priori reasons one would have expected that the 
variability of the different castes in a nest would have been closely 
related, if the variability is to be regarded as an inherited character. 
If, on the other hand, the variability is to be mainly referred to nur- 
ture or to the general environmental conditions, the above results are 
intelligible. 


Bachmetjew (5, 6) has developed an intricate and highly 
organized theory regarding the existence and origin of poly- 
morphism in the normal bee colony. This theory is supposed 
by its author to rest upon a solid ‘‘statistisch-analytische’’ foun- 
dation. In reality this statistical ‘‘foundation’’ is of such char- 
acter as to make one wonder at times whether the author (by 
training a physicist and presumably familiar through that dis- 
cipline with the elementary principles at least of the mathe- 
matical theory of probability) is really serious, or whether he 1s 
not perpetrating a great biometric practical joke. The character 
with which Bachmetjew has dealt in bees is the number of hooks 
on the anterior margin of the posterior wings. His central thesis, 
which he at once proves (?) and then forthwith applies to aid 
in still greater biologico-metrical onslaughts, is to the effect that 
if a group of individuals (size of group not specified and appar- 
ently not regarded as in any way important) shows two observed 
maxima of frequency, with respect to a character expressed in 
integral or discrete units (e. g., hook number), then the eggs (or 
seeds) from which the individuals of the group originated were 
fertilized. If, on the other hand, but one maximum of frequency 
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is to be observed, then the individuals developed parthenogenet- 
ically. This neat, though somewhat far-reaching, generalization, 
rests solely and simply on the location by inspection alone of 
modes or maxima of frequency in samples of from about 50 to 
150 individuals! Nowhere in Bachmetjew’s papers is there any 
indication of such a concept as that the observed frequencies 
might have a probable error ever having disturbed the placid 
progress of the reasoning. 

To give these comments point some of Bachmetjew’s frequency 
distributions may be examined. Here are some distributions 
supposed (with a mathematical naiveté probably nowhere to be 
paralleled in scientific literature) to show two maxima of fre- 
quency at the points indicated by the bold faced type 
(Bachmetjew (5) ). 


A. (p. 6) 


It certainly demands the most consummate scientific insight 
to discern why the two modes in A and C, for example, should 
be located as they are. And again the unenlightened statistician 
wonders what it is about the second 15 in D which makes it a 
mode rather than the first 15. Is it possessed of a different 
essence or aura, say a sort of transcendental ‘‘fifteenness’’ ? 

Or again, to take but one more example, who would have sup- 
posed that distribution E had two modes while F had but one? 
(Bachmetjew (5) ). 


E. (p. 8) F. (p. 19) 


| 
| 
i 
4 
| 
( a B. (p. 7) C. (p. 7) D. (p. 9) 
i 1 1 1 2 
ee 2 1 9 5 
i 9 7 11 13 
; 11 28 27 19 
i 21 31 27 15 
i 21 18 22 15 
fi 21 9 9 11 
: 16 2 2 80 
4 5 2 2 
i 2 99 110 
i 
110 
| 
| 
2 1 
5 1 
10 1 
22 4 
| 24 8 
17 14 


NOTES AND LITERATURE 


12 
8 
100 


This is indeed esoteric biometry! So much so that it seems 
hardly advisable to review the theoretical considerations which 
are made to flow from the sort of statistics presented. 
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EXPERIMENTAL ZOOLOGY 

The Effects of Extirpation and of Transplantation of the Reproduc- 
tive Organs in Insects.—Meisenheimer’ has carried on extensive 
experiments with moths for the purpose of determining whether 
the differentiation of the accessory genital organs and of secon- 
dary sexual characters is dependent on the ovary and testis or 
whether their development is independent of the sex glands. The 
material used was chiefly the moth Lymantria (Oeneria) dispar 
L., which has a marked sexual dimorphism and recovers well from 
the effects of operation. The caterpillar passes through five moults 
before pupation, the first moult taking place about five days after 
hatching, and each later one in from eight to twelve days, accord- 
ing to temperature; pupation takes place in about six days after 
the last moult and lasts for three or four weeks. The operations 
consisted of removal of sex glands, removal of anlage of accessory 
genital apparatus, transplantation of sex gland of the opposite 
sex, and removal of wing anlage. The operations were done on 
all six caterpillar stages, the extirpation of sex glands being done 
by means of an electric needle in the first two stages, and by a 
knife in later stages. The mortality was very great, only 51 
caterpillars surviving the electrical operation out of 1,250, and 
176 out of 537 surviving when the organ was cut out. 

In moths from caterpillars whose testes had been removed, the 
vasa deferentia ended blindly; otherwise the accessory sexual 
apparatus was perfectly normal. In one ease, the vasa defer- 
entia had fused at their free ends, owing to their proximity at 
the time of healing. The secondary sexual characters, such as 
the size, coloring and markings of the wings, were of the normal 
male type. When, in addition to castration, the anlage of the 
accessory sexual organs, including the vesicule seminales, ductus 
ejaculatorius, penis and most of the vasa deferentia, was removed, 


1 Experimentelle Studien zur Soma- und Geschlechts-Differenzierung.’’ 
Erster Beitrag. Von Prof. Johannes Meisenheimer. Jena, Gustav Fischer, 
1909. 
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there was no trace of these organs in the moth; all that remained 
of the sex apparatus was a rudiment of the vas deferens on each 
side and the chitinous supports of the copulatory apparatus 
whose anlage had not been removed. To make sure that the 
lack of the accessory organs was not influenced by the absence 
of the testes, some experiments were done in which the testes were 
left intact and merely the anlage of the accessory organs was 
removed. As a result, moths were obtained whose testes were 
normal and the short ducts leading from them filled with mature 
sperm, but none of the accessory apparatus was present whose 
anlage had been removed. There was no influence on the sec- 
ondary sexual characters when castration was followed -by 
removal of the anlage of the accessory organs. 

In moths whose ovaries had been removed there was usually 
no effect on the accessory sexual organs or on the secondary 
sexual characters. Sometimes, however, there was a slight effect 
on parts of the accessory apparatus, such as an increase in the 
ramifications of the cement glands, an increase or a decrease in 
the length of the oviducts. Likewise there was sometimes a 
slight effect on the secondary sexual characters, in that the 
ground color of the wings was somewhat darker than normal. 
When the anlage of any part of the accessory sexual apparatus 
was removed, that part was not present in the adult. 

The transplantation of a testis into the body of a female from 
which one ovary had been removed was successful in only one 
ease. The operation was done in the third caterpillar stage 
when the testis is still quite small and at a low stage of develop- 
ment. The testis developed normally in the body of the female 
and was found to contain mature sperm. The ovary was also 
well developed. The transplanted testis had no influence what- 
ever on the external somatic characters, which were of the usual 
female type. 

When one or both ovaries were transplanted into a castrated 
male, the development of the ovary was usually normal. Some- 
times one or two of,the ovary tubes failed to develop, owing 
probably to lack of room, since the ovaries were always best 
developed in the largest males, where there was most space. In 20 
out of 111 moths with transplanted ovaries, the ovaries united 
with the vasa deferentia, one ovary with one vas deferens, or 
two ovaries united with one vas deferens or, in two cases, 
each ovary with a vas deferens. The histological structure of 
both ovary and vas deferens was normal, but the eggs never 
passed down the vas defcrens. In one ease, one testis was left 
at the end of a vas deferens and an ovary inserted in the vas 
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deferens just below. They both developed normally, but the 
duct served as an exit for the sperm only, not for the eggs. The 
transplanted ovary had in no ease an influence on the secondary 
sexual characters; the only difference between these moths and 
normal males was the fact that the eggs made the abdomen bulge 
somewhat. 

Some experiments in transplanting were tried on Orgyia gono- 
stigma because of its marked sexual dimorphism and because it 
remains in the caterpillar stage for about eleven months. Only 
two males survived the operation, and although the ovaries had 
been in the male body from September 11 till June 20 and 
were well developed, there was no evidence of any effect on 
somatic characters which were of the typical male sort. 

Investigations as to the effect of the operation on such psy- 
chical characters as sexual instincts led to the conclusion that 
these characters are independent of sex cells and of parts of the 
sexual apparatus. In castrated moths, in moths deprived of 
their copulation apparatus, and in males with transplanted 
ovaries, the sexual instinct was found to be as strong as in 
normal males. 

In another series of experiments, the anlage of the wing, a 
secondary sexual character, was removed at the time of castra- 
tion in order to determine whether the new anlage laid down in 
the absence of sex cells would have the same sexual character 
as the old anlage laid down in the presence of the sex cells. In 
the control series, in which the sex cells were left intact and the 
anlage of the two wings of one side was removed after the second, 
third and fourth moults it was found that in one fourth of the 
eases there was no regeneration ; in the rest, all amounts of regen- 
eration occurred up to an almost complete wing, all of the regen- 
erated wings being perfectly normal in markings which occurred 
in the:same relative position as in the normal wing. From the 
fact that the whole wing is present in miniature and not merely 
the root of the wing is present, Meisenheimer concludes that the 
wing has not grown out from the stump of the old anlage which 
was left, but that a new anlage center has been laid down, per- 
haps by the old stump which has gained new relations with the 
tracheae. The difference in the amount of regeneration he 
attributes not to the amount of tissue left in operation, but to 
the length of time elapsing before pupation. In cases where 
this was shortest, about the time for normal moths, no regenera- 
tion took place; when this was somewhat longer (from 10 to 
14 days longer) some regeneration took place; when this was 
longest (from 17 to 37 days longer) almost complete regenera- 
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tion took place. The pupa period remained about the same as 
normal, whence the conclusion is reached that regeneration takes 
place during the caterpillar stage and differentiation during the 
pupa stage. In the castrated series, in which the wing anlage 
was removed, it was found that the wing developed its normal 
sex character, although no sex cells were present. There was a 
difference in the amount of regeneration just as in the control 
series. Likewise in males with transplanted ovaries, the regen- 
erated wing was of the normal male type, and exactly corre- 
sponded with its unregenerated mate. 

From these experiments Meisenheimer concludes that in these 
moths primary sex cells have no influence on secondary sex char- 
acters or on sexual instinct. He therefore does not agree with 
the theory that internal secretions from the sex glands affect 
the soma. Both primary and secondary sexual characters are to 
be traced back to the young germ cells, since the secondary are 
not influenced by the primary during ontogeny. 

E. N. BROWNE. 


ANTS 


The last number in the Columbia Biological Series is a volume 
by W. M. Wheeler’ on ants. It is the largest number in the 
series, containing nearly 700 pages, but the unusual interest of 
the subject justifies the size of the publication. After an intro- 
ductory account of ants as dominant insects, the author devotes 
several chapters to their structure and development. Then fol- 
lows a discussion of polymorphism in which the interesting 
problem of the non-reproductive worker in relation to heredity 
is fully elucidated. After this come chapters on the classifica- 
tion and distribution of ants and on their geological history. 
The remainder of the body of the text contains a most fascinating 
account of the habits of ants. Following a consideration of the 
habits of ants in general, of nest-building and of the ponerine 
ants, the most primitive and generalized type of modern ants, 
is a succession of chapters on special habits and _ relations. 
These include accounts of the driver ants, the Huns and Tartars 
of the insect world; the harvesting ants, which, though they are 
grain-gatherers, are not strictly speaking grain-planters; the 
fungus-growing ants, whose subterranean fungus-gardens are 
fully described and beautifully illustrated; the honey ants, some 
of which serve their colonies as living receptacles for stored 
sweets; and, finally, the slave-making ants, which in extreme 
cases come to be absolutely dependent upon their captive workers. 

* Wheeler, W. M., ‘‘ Ants, their Structure, Development and Behavior,’’ 
New York, The Columbia University Press, 1910, pp. xxv + 663; 286 figs. 
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In appropriate places between the various chapters on these 
special groups are interpolated chapters on the supposed mutual- 
ism of ants and vascular plants, on myrmecophiles, of which 
among arthropods alone 1,500 species are known, on parasites, 
and on compound nests. The portion of the text dealing with 
the habits of ants is concluded by three remarkable chapters on 
the sensations, and instinctive and plastic behavior of ants, 
which, as a body of mature judgments on this most subtile field 
of animal investigation, is of the highest order. Any one who 
wishes to reach sane conclusions in the study of the habits of 
ants should ponder these chapters with care. The volume con- 
tains five excellent appendices: the first, on methods of collecting 
and studying ants; the second, a key to the subfamilies, genera 
and subgenera of North American Formicide; the third, a list 
of the described ants of North America; the fourth, on the 
extermination of noxious ants; and finally, a bibliography of 
over 2,000 titles. An ample index brings the volume to a close. 

The brief outline of the subject matter of the volume as already 
given indicates the breadth of treatment accorded the material by 
the author. Asa result the volume ought to find numerous read- 
ers beyond the professionals. Its pages throw many side-lights on 
human affairs which show that the sluggard is not the only one 
that might profit from the ant. Although the volume is based 
upon the studies of a world-wide range of myrmecologists, the 
reader is met at every turn with the author’s extensive and inti- 
mate first-hand acquaintance with his subject. This acquaint- 
ance gives his critical comments unusual value. 

In a book of such high general excellence it might seem ungra- 
cious to point out minor defects. As a matter of fact, however, 
the few that were noticed served only to increase the initial im- 
pression of thoroughness and accuracy. The illustrations, which | 
are of the same high order as the text, are occasionally without — 
any indication as to magnification (original Figs. 35, 37, 38, 39, 
ete.), and in a few other instances omissions occur, as in Fig. 
271, in which the descriptive lettering of the legend is not 
repeated in the figure. In the text on page 108 giantism is 
probably a slip for the more usual gigantism. But even such 
slight defects as these are rare and the book presents an unusually 4 
clean appearance for a first edition. The treatment of the sub- ~ 
ject is so masterly and the material make-up of the volume 80 © 
excellent that the biologists of this country may well look with — 
pride upon this work as an American product. . 

G. H. PARKER. 
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